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Summary
The present study was carried out to determine the mobilization of 
seed storage components of sunflower seeds during germination and 
early seedling development. Two sunflower cultivars (DUET CL 
and TR 3080) were used as plant materials. Seeds were germinated 
for 120 h and samples were taken every 24 h. The total chlorophyll 
and carotenoid contents of the germinating seeds of both cultivars 
significantly increased till 96 h, and then decreased. While the total 
soluble and reducing sugar contents were decreased during the first 
24 h, their amounts increased significantly afterwards. The total 
protein contents of the germinating seeds of TR 3080 and DUET CL 
decreased from 48.1% and 40.9% to 35.5% and 28.4%, respective-
ly. However, their free amino acid contents were steadily increased 
during germination and early seedling growth. The oil contents 
of DUET CL and TR 3080 started to decrease significantly after 
72 h and dropped to 41.3% and 40.2%, respectively, at the end of 
the study. Free fatty acid contents of the seeds increased until 72 h, 
but decreased thereafter. While, oleic acid contents of the cultivars 
decreased during the germination period, their linoleic acid contents 
increased. These results suggest that significant changes occur in the 
pigment, sugar, lipid and protein metabolisms during germination 
and early seedling growth period of sunflower.
Introduction
Sunflower (Helianthus annuus L.) belongs to Asteraceae family 
and is one of the significant oil seed crops in the world. Sunflower 
seeds contain 35-50% oil, 20-30% protein, 20-40% carbohydrate, 
20-30% husk and 4-6% ash (WEISS, 2000). Sunflower oil is rich 
in unsaturated fatty acids (80-90%). Commercial sunflower oil 
containes 5 fatty acids including palmitic acid (C16:0), stearic acid 
(C18:0), oleic acid (C18:1), linoleic acid (C18:2) and linolenic acid (C18:3). 
Recently, the development of sunflower cultivars with high oleic 
acid content (<85%) further increased its industrial use (WEISS, 
2000). Moroever, the remaining meal after the removal of oil from 
seeds is rich in tryptophan and it is important for animal feed 
(BALASARASWATTI and SADASIVAM, 1997).
In general, there are two substantial changes take place in the 
plants after pollination and fertilization: One is the increase in seed 
volume and the other is the change in biochemical and physiological 
characteristics. The former involves the division, expansion and 
differentiation of seed cells and the latter involves the changes in 
seed metabolites such as storage lipids, proteins, carbonhydrates 
and other seed storage metabolic substances (SATYANARAYANA 
et al., 2011). Sucrose synthesized during maturation of oil seeds is 
the source of carbon for triacylglycerol (TAG) synthesis (BEWLEY 
and BLACK, 1994). 
Macromolecules accumulated in seeds are used as an energy 
source for early seedling development and seed germination. 
Germination begins with water uptake by the seed (imbibition) and 
the emergence of embryonic axis, usually the radicle, through 
the structures surrounding it (BEWLEY et al., 2013). When seed 
germination begins, starch and proteins are converted to sugars and 
amino acids within the starch granules and protein storage vacuoles, 
by diastase and protease enzymes, respectively (WILSON, 2006). 
TAGs are hydrolysed by lipases, enzymes catalyzing the hydrolytic 
cleavage of the fatty acid ester bonds, to yield glycerol and free fatty 
acids (THEIMER and ROSNITSCHEK, 1978). Free fatty acids enter the 
glyoxysome for conversion to oxaloacetic acid (OAA), passes into 
the mitochondrion, and ultimately into the cytosol for conversion to 
sucrose, which then transported as an energy source from cotyledons 
to the growing axis of seedling (GRAHAM, 2008).
Almost all TAGs present in oleiferous seeds are lost during seed 
germination and seedling development (MUTO and BEEVERS, 1974; 
YANIV et al., 1998; RABIEI et al., 2007; KIM et al., 2011; TONGUÇ 
et al., 2012). Although there are studies regarding the physiology 
and mobilization of sunflower seed oil during germination (BALA-
SARASWATTI and SADASIVAM, 1997; ROSALES et al., 1998; MOYA 
et al., 2000; MUNSHI et al., 2007; RABIEI et al., 2007), little is known 
about the changes in other seed reserves during the germination. The 
objective of the present study was to investigate the mobilization of 
seed reserve molecules during the germination and early seedling 
growth of sunflower.
Materials and methods
Two sunflower cultivars, TR 3080 and DUET CL were used as plant 
materials. TR 3080 is a high linoleic acid and DUET CL is a high 
oleic acid cultivar. Seeds were surface sterilized with 2% sodium 
hypochlorite solution for 5 min, and then washed with distilled 
water several times to remove residual sodium hypochlorite. Seeds 
were germinated in 9 cm petri dishes on 2 sheets of filter paper 
moistened with distilled water. Petri dishes were incubated at 25 °C 
under alternating light and dark periods (12 h light/dark periods). 
25 seeds were placed in each petri dish, and 3 replications were 
used for the analysis of each parameter. Seeds were germinated for 
120 h, and the germinated seeds were removed from the incubator 
at every 24 h for analysis. The cotyledons from germinating seeds 
and growing seedlings were separated and dried for at least 24 h at 
50 °C or until they reached to a constant weight (TONGUÇ et al., 
2012). The germination percentage of DUET CL and TR 3080 were 
96.2 and 98.5%, respectively. Non-germinated or unevenly germi-
nated seeds were discarded. For all analysis, the seeds were dehulled, 
and only the grinded dried cotyledons were used. The hull content of 
both cultivars was 23.5%. The total protein content was determined 
using the defatted and dehulled seeds. Total chlorophyll and total 
carotenoid contents were determined from fresh cotyledons.
The dry matter content of fresh cotyledons (2 g) was determined 
gravimetrically, by drying to a constant weight at 105 °C [Dry matter 
(%) = dry weight / fresh weight × 100] (AOAC, 1990). Ash content of 
samples was determined following the method of AOAC (1990).
Total chlorophyll content of fresh cotyledons (0.25 g) was deter-
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mined according to KIRK and ALLEN (1965) with the following 
equation: Total chlorophyll (mg g-1) = [(0.0202 × A645) + (0.00802 
× A663) × 10] / sample weight. For total carotenoids content of fresh 
cotyledons, 10 ml of acetone-hexane (4:6) solvent was added on 
0.25 g sample and the mixture was homogenized. Two phases were 
separated, and the aliquots were taken from the upper phase and read 
on a spectrophotometer (PG Instruments) at 480, 645 and 663 nm 
wavelengths. Total carotenoid content was calculated according to 
MILLER et al. (1993) using the following equation: Total carotenoids 
(mg g-1) = A480 + (0.114 × A663 – 0.638 × A645).
Total soluble and reducing sugars were extracted as described 
(TONGUÇ et al., 2012). The total soluble sugar content was determined 
by the phenol sulfuric acid assay (DUBOIS et al., 1956) and the 
reducing sugar content was determined following the SOMOGYI 
(1952) method. Glucose was used as standard and the results were 
expressed as mg g-1 dry weight.
The protein extraction was performed according to the method 
of LARSON and BEEVERS (1965) and the total protein content was 
determined as described (HARTREE and LOWRY, 1995). Bovine 
serum albumin was used as standard. Amino acids were extracted 
according to NOCTOR et al. (2007). Total free amino acid content 
was determined with the ninhydrine method as described by LEE 
and TAKAHASHI (1966). Standard curve was prepared using L-valine 
as standard.
The oil content and fatty acid composition were determined 
using Nuclear magnetic resonance (NMR, Brükermqone) and Gas 
chromatography (GC, Perkin Elmer Auto System XL), respectively. 
The oil samples (50-100 mg) were obtained with cold extraction and 
converted to its fatty acid methyl esters (FAME) as described by 
MARQUARD (1987). The conditions for GC analysis were as follows: 
capillary column, MN FFAP (50 m × 0.32 mm i.d., film thickness, 
0.25 m), oven temperature kept at 120 °C for 1 min and programmed 
to 250 °C at a rate of 6 °C min-1, and then constant at 240 °C for 
15 min, total run time 60 min, injector temperature 250 °C, detector 
(70 eV) temperature 260 °C, flow rate for helium 40 ml min-1, split 
ratio 1/20 ml min-1, injection volume 0.5 μl. 
The free fatty acid content of lipids was determined colorimetrically 
according to the method of LOWRY and TINSLEY (1976). Samples 
(1 g) were extracted with hexane and the extracted lipids (4 μl) were 
dissolved in benzene (5 ml). Cupric acetate-pyridine reagent (1 ml) 
was added and the samples were vortexed for 90 s. The mixture was 
then centrifuged for 3 min at 1500 g. 3 mls of supernatant were used 
to determine the free fatty acid contents of the samples. The total 
free fatty acid content of samples (%) was determined as oleic acid 
equivalents.
The experiment was set up according to a completely randomized 
experimental design with 3 replications. The data were subjected to 
the analysis of variance (ANOVA) using SAS (2009) program (INC 
SAS/STAT user’s guide release 7.0, Cary, NC, USA). Differences 
among means were determined using Least Significant Difference 
(LSD) test.
Results and discussion
Plants use seed coat to protect embryo from the environmental 
effects until seeds germinate and seed coats are not used as seed 
storage compartment. Therefore; seed coats of the sunflower 
cultivars were removed prior to analysis. Mobilization of the main 
reserves such as starch, oil and protein in seed storage tissues occurs 
following the completion of germination to supply nutrients for the 
growing seedling until it develops true leaves. Reserve mobilization 
differs among plant species during germination depending on 
the accumulated reserves (BEWLEY et al., 2013). In the present 
study, breakdown and mobilization of different molecules were 
investigated. The germination period, cultivar and the germination 
period × cultivar interaction were significant (P<0.01) for dry 
matter, total chlorophyll, total soluble and reducing sugar contents 
during the study period (Tab. 1). While the germination period 
and cultivar effects were significant (P<0.01) for ash, total protein 
and free fatty acid contents, the germination period × cultivar 
interaction was not significant for these parameters. For free amino 
acid and oil contents, the germination period and the gemination 
period × cultivar interaction were significant at 1%, and the cultivar 
effect was significant at the 5% level of significance. For the total 
carotenoid content of the cotyledones during the germination, the 
germination period and the cultivar × germination period interaction 
were significant (P<0.05), but the cultivar effect was not significant 
(Tab. 1).
The dry matter contents of both cultivars decreased gradually 
throughout the germination period. At 0 h, the dry matter contents 
of TR 3080 and DUET CL were 95.2% and 95.7%, respectively. 
At 120 h, the dry matter contents decreased to 36.8% and 27.3%, 
respectively. The highest dry matter loss in the cotyledons was 
observed at the end of the first 24 h period (Fig. 1a). The dry matter 
loss in germinating seeds depends on the germination period. A 
negative correlation was reported between the dry matter loss and 
Tab. 1:  Analysis of variance (ANOVA) results for the examined parameters during germination and early seedling growth in sunflower cotyledons (F values).
Sources of Variation DM (mg g-1) AC (%) TCC (mg 100 g-1) TC (mg 100 g-1) TSS (mg g-1)
Germination period  764.5** 6.12** 617.2** 258.8* 564.9**
Cultivar 123.6** 22.7** 37.9** 2.8 180.4**
Germination period × cultivar 7.63** 2.15 6.6** 2.7* 61.2**
Coefficient of variation (%) 3.4 6.8 4.8 7.4 5.4
 RS (mg g-1) PC (%) FAA (%) OC (%) FFA (%)
Germination period  1478.8** 47.6** 225.7** 235.3** 16.5**
Cultivar 139.6** 157.1** 5.65* 4.8* 108.2**
Germination period × cultivar 164.1** 1.7 4.5** 5.1** 0.5
Coefficient of variation (%) 4.7 5.0 10.5 1.6 10.7
*: p<0.05, **: p<0.01
DM (mg g-1): Dry matter, AC (%): Ash content, TCC (mg 100 g-1): Total chlorophyll content, TC (mg 100 g-1): Total carotenoid content, TSS (mg g-1): Total 
soluble sugar, RS (mg g-1): Reduced sugar, PC (%): Total protein content, FAA (%): Free amino acid content, OC (%): oil content, FFA (%): Free fatty acid 
content.
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seed germination period, due to the water uptake and excessive 
respiration process in the germinating seeds (TARASEVIČIENĖ 
et al., 2009). The dry matter loss with water uptake throughout 
the germination period was reported in seeds of different species 
including linseed (WANASUNDARA et al., 1999), cotton (JOSHI and 
DOCTOR, 1975) and tobacco (KOIWAI and MATSUZAKI, 1990). 
The ash contents of the cultivars fluctuated during the germination 
period (Fig. 1b). At 0 h, DUET CL and TR 3080 had 4.99% and 
4.19% ash contents, while their ash contents increased to 5.54% 
and 4.88%, respectively, at 24 h, thereafter decreased till 72 h but 
the ash content of the cultivars increased again during the last 
48 h period of the study. The ash contents of the sunflower cultivars 
also increased during the germination period. Increased ash content 
might be related to the increase in the relative proportion of minerals 
due to the loss of other seed storage reserves (BOREK et al., 2006). 
Similar results were reported in amaranth (COLMENARES DE RUIZ 
and BRESSANI, 1990) and sorghum seeds (ELMAIKI et al., 1999). 
However, in contrast to our findings, TARASEVICIENE et al. (2009) 
reported that the ash content of broccoli seed remained constant 
during the germination.
At the beginning of germination, DUET CL had a total chlorophyll 
content of 7.4 mg 100 g-1 and TR 3080 had 13.9 mg 100 g-1. Total 
chlorophyll contents of the cotyledons of both cultivars increased 
from 0 to 96 h, but decreased thereafter. At the end of the study 
period, the total chlorophyll contents were 187.9 and 199.2 mg 
100 g-1 for TR3080 and DUET CL, respectively (Fig. 1c). The 
changes in total carotenoid contents of the cultivars were similar 
to the changes in total chlorophyll contents during the germination 
period. Chlorophyll synthesis in plants ceases after the emergence 
of leaves and depletion of reserves (HARRIS et al., 1986). Total 
chlorophyll contents of both cultivars increased till 96 h but 
thereafter their chlorophyll contents decreased when the first true 
leaves of seedlings developed. As observed in the present study, 
BUSH and GRUNWALD (1972) reported an increase during the first 
6 days of the germination but thereafter a decrease in the chloro-
phyll content of tobacco seeds. 
TR 3080 and DUET CL had total carotenoid contents of 4.2 μg 
100 g-1 and 1.5 μg 100 g-1 respectively, at 0 h. Similar to the changes 
in the chlorophyll content, the total carotenoid contents of cotyle-
dons increased up to 96 h and reached to their highest levels (52.3 μg 
100 g-1 for TR 3080 and 47.6 μg 100 g-1 for DUET CL), but thereafter 
they started to decrease (Fig. 1d). Chlorophyll is sythesized in 
cotyledons with the start of germination in dicot seeds. Carotenoids 
are essential components of the photosynthetic machinery in plants 
and play significant roles in during germination and the restriction 
of free radical induced membrane deterioration and seed ageing 
(CALUCCI et al., 2004). The synthesis of carotenoids in seeds starts 
with the germination of seeds under light conditions (VON LINTIG 
et al., 1997). Similar results were also observed during the germina-
tion of tobacco seeds (BUSH and GRUNWALD, 1972).
The total soluble and reducing sugar contents of both cultivars 
showed similar trends during the study period (Fig. 1e, f). The total 
soluble and reducing sugar contents of the cultivars were 7.3 mg 
g-1 and 1.8 mg g-1 for TR3080 and 11.0 mg g-1 and 1.5 mg g-1, 
for DUET CL respectively, at 0 h. The total soluble and reducing 
sugar contents of the cultivars decreased during the first 24 h, and 
thereafter both total soluble and reducing sugars contents increased. 
The total soluble and reducing sugar contents of the cultivars at the 
120 h was determined to be 28.6 mg g-1 and 6.4 mg g-1 for TR3080 
and 44.4 mg g-1 and 10.4 mg g-1 for DUET CL, respectively. The 
carbonhydrate source used throughout the germination period in 
sunflower seed is glucose (NASCIMENTO DO et al., 1994). At the 
first 24 h of germination, total soluble and reducing sugars contents 
decreased as they are the first reserves to be mobilized during the 
early germination period. Sugars generally used as the initial energy 
sources and supplied with the hydrolyses of complex carbonhydrates 
and the synthesis from triglycerides in oilseed crops at the begin- 
ning of germination (TONGUÇ et al., 2012). The free fatty acid con-
tents of both cultivars increased slightly at the first 24 h (Fig. 1j). 
After 24 h germination period, TSS and RS contents significantly 
increased indicating an accelerated conversion of reserves to sugars 
along with the development of cotyledeons with chlorophyll synthe-
sis for starting photosynthesis. 
The total protein content of TR 3080 (48.1%) was higher than that 
of DUET CL (40.9%). The total protein contents of both cultivars 
decreased throughout the study period. The total protein content of 
TR 3080 showed a high rate of drop between 24 and 72 h, but the 
protein content of the DUET CL demonstrated a high rate of de-
crease between 0 and 48 h. At the end of 120 h, the higher protein 
degregation was observed  in DUET CL (30.6%) as compared to 
the TR 3080 which showed a 26.2% reduction with respect to the 
total protein content at 0 h (Fig. 1g). The free amino acid contents 
of both cultivars steadily increased during the study period. The free 
amino acid content was 0.59% for TR 3080 at 0 h, and increased 
to 5.07% at 120 h. The free amino acid content of DUET CL in-
creased from 0.28% to 5.62% during the same period. At the first 
24 h, TR 3080 had higher free amino acid content as compared to 
DUET CL, but the free amino acid content of DUET CL was higher 
at the other time periods (Fig. 1h). Starch, hemicellulose, or TAGs 
in cotyledons are the alternative sugar sources for the growing axis 
during the germination, but amino acids are not used to produce 
sugars (BALASARASWATHI and SADASIVAM, 1997). Free amino acid 
contents of the seeds were very low at the beginning of the study. 
Storage proteins are proteolysed by different enzymes in different 
parts of the seed with imbibition and studied comprehensively in 
vetch and buckwheat seeds (BEWLEY et al., 2013). The total protein 
content of cotyledons dramatically decreased at the 24 and 48 h, and 
thereafter continued to decrease at a slower pace during the study 
period. At the same time, the free amino acid contents of cultivars 
increased significantly indicating the start of storage protein mobili-
zation to produce free amino acids for the syntheses of protein com-
ponents of the growing cells. The amino acids used for protein syn-
thesis and assembly are obtained from the reserves in the cotyledons 
(BEWLEY et al., 2013). BALASARASWATHI and SADASIVAM (1997) 
reported that globulins and albumins were the storage proteins used 
in the initial period of germination in sunflower. The reductions in 
total protein contents during the germination and initial seedling 
development have been reported in different species including Ster-
culia urens (SATYANARAYANA et al., 2011), soybean (KIM et al., 
2011) and safflower (TONGUÇ et al., 2012).
The oil contents of both cultivars did not show a significant change 
during the 48 h germination period, but their contents started to de-
crease after 48 h. The highest reduction in oil content was observed 
after 72 h for both cultivars. The oil contents of the cultivars de-
creased from 52.4% and 51.7% to 40.2% and 41.3% for TR3080 
and DUET CL, respectively (Fig. 1i). The free fatty acids contents 
of extracted oils from the developing cotyledons were 0.71% for 
TR 3080 and 0.49% for DUET CL at the beginning of the study. 
Their contents increased to 1.10% and 0.80%, at 72 h, respectively. 
Then, the free fatty acids content of TR 3080 decreased to 0.84%, 
at 120 h. The free fatty acid content of DUET CL did not change 
between 72 and 96 h, but afterwards it decreased to 0.57% (Fig. 1j). 
The oil contents of the cultivars slightly increased at the beginning 
of the study but thereafter their oil contents decreased throughout the 
germination and seedling development. The most dramatic decrease 
in oil content was observed after 72 and 96 h. It was reported that oils 
were not used as an energy source till 1-3 days of germinating seeds 
of many plant species including safflower (TONGUÇ et al., 2012), 
castor bean (MUTO and BEEVERS, 1974), sinapis and crambe (YANIV 
et al., 1998) and were hydrolyzed later on during the germination 
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Fig. 1:  Change in dry matter content (a), ash content (b), total chlorophyll content (c), total carotenoid content (d), total soluble sugar content (e), reduced 
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period. The lipid mobilization is regulated either by the factors in-
fluencing lipase activity directly or by the action of a thiole pro-
tease processing oleosin which enhances the organelle TAG matrix 
accessibility to lipolytic actions (BABAZADEH et al., 2012). Lipase 
activities of seeds in several plant species, including rapeseed, were 
not active at the beginning of germination period and their activities 
rapidly increased afterwards (ROSALES et al., 1998). The free fatty 
acid contents of cotyledons increased till 72 h, and then decreased. 
This may be due to the increase in the hydrolysis of oil, and then the 
conversion of free fatty acids to sucrose and their mobilization to the 
growing embriyonic axis. It has been reported that the biosynthe-
sis of membrane lipids contributes significantly to the cell develop-
ment and the rapid growth of growing embriyonic axis (BEWLEY and 
BLACK, 1983; MUNSHI et al., 2007; SATYANARAYANA et al., 2011). 
The changes in fatty acid compositions (%) of cultivars during the 
study period were given in Tab. 2. The palmitic acid content slightly 
decreased at the end of the study period for both cultivars, however; 
the stearic acid contents of the cultivars increased during the same 
time period. The oleic acid contents of cultivars steadily decreased, 
while their linoleic and linolenic acid contents increased during the 
germination period. At 0 h, TR 3080 had an oleic acid content of 
19.98%, and DUET CL had an oleic acid content of 89.95%. After 
120 h, their oleic acid contents decreased to 18.33% and 85.19%, 
respectively. Linoleic acid contents increased from 67.06% to 
69.12% for TR 3080 and from 1.77% to 5.75% for DUET CL. 
(Tab. 2). Cultivars have a high oleic and linoleic acid contents, there-
fore palmitic and stearic acid variations were not significant in the 
study, which was reported by other researchers for tobacco (BUSH 
and GRUNWALD, 1972), mustard and crambe (YANIV et al., 1998) and 
sunflower (RABIEI et al., 2007) seeds with low palmitic and stearic 
acids. Morever, MOYA et al., (2000) reported that the changes in 
these fatty acids in mutant sunflower seeds with high palmitic and 
stearic acid contents were not significant for the study period. How-
ever, these fatty acids in cotton and soybean seeds were started to 
be utilized from the beginning of the germination and their contents 
decreased throughout the germination period (JOSHI and DOCTOR, 
1975; JOSHI et al., 1973). During germination, the decrease of the 
oleic acid content and increase of the linoleic acid content may de-
pend on the increased desaturase activity. It is known that oleic acid 
content decreased and linoleic acid content increased in seeds with 
high oleic or linoleic acid contents during germination (BUSH and 
GRUNWALD, 1972; JOSHI et al., 1973; ROSALES et al., 1998; MOYA 
et al., 2000; RABIEI et al., 2007). However, the changes in these fatty 
acids in mustard and crambe with low palmitic and stearic acid, and 
rapeseed with erusic acid were not significant (YANIY et al., 1998). 
Linolenic acid content of cultivars slightly increased suggesting 
either the desaturation of fatty acids or the increase in relative amount 
of linolenic acid due to the breakdown of other fatty acids.
The dry matter content continually decreased during germination 
and early seedling development of sunflower cultivars, while the 
photosynthetic activity increased with the development of the coty-
ledons and leaves up to 96 h. Oil is utilized only at the later stages 
of seedling development. The breakdown of oil in the cotyledons 
coincided with an increase in total soluble and reducing sugar con-
tents. The changes in the oil composition are marked by the increases 
of unsaturated linoleic and linolenic acids. A significant mobiliza-
tion was also observed in total proteins which showed a decrease 
in the cotyledons associated with an increase in the free amino acid 
content. The results suggest that lipids, proteins, carbohydrates and 
color components contribute significantly to the seed germination 
and early seedling growth and development in studied sunflower 
cultivars.  
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